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APPLICATION 


SPECIAL NEEDS For the mentally and 
physically handicapped, the development of 
the microcomputer has opened new worlds 





ON THE BLOWER We explain the internal 
workings of an EPROM programmer, and 1 044 
take a look inside one from HCR Electronics 


ICONOGRAPHIC ART The AMX mouse 

package provides the hardware and software | 050 
to allow BBC Micro owners a Macintosh- 

like graphics facility 





SCHOOL TURTLES As the combination é 

of the BBC Micro and the Loco language | 054 
gain a steady hold in the education market, 
we look at two packages — from Acorsoft 
and Logotron — written for that machine 

















CONSTRUCTIVE DECISIONS A 
discussion of several useful decision-making | 046 
constructs available in PASCAL 


PROGRAMMING PROJECTS 


ALL ABOARD The first module of our 
16th century trading voyage game involves 
setting up arrays of data about the crew 


9 





STORAGE A weekly glossary of computing ] 49 
terms 


e obtained by 
any oo | 
nd er i a 


MACHINE CODE 


BASIC INTERACTION Concluding our 
discussion of BBC Basic and how it interacts | 056 
with the machine’s operating system 
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VISUAL AWARENESS We give our 
Workshop robot a primitive form of sight, 1058 |e don & Gotoh (NZ) Lid PO Box 69s Wellington 
using light-dependent resistors, and show career eter it ar roe i te ore emi 
how it can be made to follow a line ee eee — 












































JOYSTICK JURY Our guest reviewer this ~ INSIDE |; ee local : 
week has been leading a very active life in BACK | Re eae bie ee Won a mane Road, met : 
front of the Spectrum COVER 
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COURTESY OF TEXAS INSTRUMENTS 


CHRIS STEVENS 


Blower Parts 

An EPROM programmer allows 
users to keep their programs 
permanently in memory. 


_ Programs are loaded into the 


computer and then transferred 
to the programmer via the user 
port where they are ‘blown’ onto 
the chip 


Close Examination 

The chip within the EPROM 
housing can be easily viewed 
through the quartz window in 
the centre. Careful examination 
of the chip will show the thin 
pieces of wire that join the chip 
I/O connections to the pins. A 
closer look will show the arrays 
that make up the EPROM 











One of the great strengths of the BBC Micro 
is its facility for EPROM chips (priced at 
around £5 each), which allow the user to 
keep important programs permanently on 
board the computer. The Micron EPROM 
programmer — or ‘blower’ as it is popularly 
termed — is an imexpensive device for 





One of the biggest advantages of the BBC Micro 1s 
its flexibility. In designing the machine, Acorn 
chose to include four empty ROM slots, allowing 
the user to place extra ROMs for specific 
applications in the machine, and these can be 
‘paged’ by use of the * command. The provision of 
these slots has been one of the greatest successes of 
the machine, since it enables users to have 
programs fitted on-board that can be accessed 
much faster than having to LOAD them from tape or 
disk. 

There is now an enormous selection of these 
applications ROMs available, covering a wide 
range of programs, including word processing, 
databases, and languages such as LoGo. However, 
it is also possible for users to write their own 
programs and then transfer them to an EPROM 
(erasable programmable read only memory), 
allowing them to be permanently stored within the 
machine. This is done by programming the 
EPROM with a device known as, naturally 
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enough, an ‘EPROM programmer’, which is 
popularly known as an ‘EPROM blower’. 

Like all ROMs, an EPROM consists of a matrix 
of electrical lines in columns and rows, each 
intersection of which is known as a cell. If there is a 
connection between a line ina column and oneina 
row, then the logic state at that point will be one, 
otherwise it is zero. When a series of electrical 
impulses, corresponding to an address, arrives on 
the address bus, the electricity will pass down eight 
of these lines (these eight pulses represent a byte). 
Depending on whether or not there is a 
connection on the appropriate cross lines, the 
electrical charge will pass through to the cross lines 
and cause a charge to be sent, via the data bus, 
back to the processor. In this way, data held at an 
address is transferred to the CPU. : 

Typically, the logic states in an EPROM 
memory array are all set at one — each address 
holds the value &FF. If a large voltage is passed 
through a cell, the connection will break, thus 
producing the complementary logical state of 
zero. To program a particular address of an 
EPROM, we have to first set up the necessary bit 
pattern on the address pins, to specify the address 
to be programmed. Then we send the required 
code down the data bus. A pulse of 50 
microseconds is applied to the appropriate data 
pins at 25v — and the address is programmed. By 
incrementing the address and sending another bit 
pattern to the data pins, it is possible to program 
the entire EPROM. However, unlike some other 
types of programmable ROMs in which this 
process is irreversible, an EPROM, as its name 
suggests, can be wiped clean. 

An EPROM is characterised by a small quartz 
window above the chip. When strong ultraviolet 
light is shone through this window, the atoms in the 
chip are ionised to a higher electrical state and the 
bonds between the atoms will be re-established. 
This allows current to pass once more between the 
cross lines on the matrix, and the logical state will 
again be one. Ultraviolet light is not strictly 
necessary, however, since the EPROM 
programmer can write a software routine to reset 
all the memory locations to &FF. 

The Micron EPROM programmer from HCR 
Electronics enables the user to program up to 16 
Kbytes of machine code onto an EPROM. The 
programmer is a small box, the most prominent 
feature of which is a ZIF (zero insertion force) 
socket. This enables EPROMs to be inserted 
without damaging the pins which, once broken, 
render the chip useless. The ZIF socket is designed 
to accommodate either 24-pin or 28-pin chips. 
Two sets of DIP switches, which are altered 








depending on which of the various options one 
uses, are beside the ZIF socket. On the top left- 

and side of the programmer is a switch that needs 
to be set according to whether you want to 
program or read the EPROM. Obviously, care has 
to be taken when using the programmer to ensure 
that the switch is on the correct setting — otherwise 
the EPROM may be reblown, thus losing the 
program held on the chip. 

The device has a ribbon cable that is connected 
to the BBC’s user port from the power supply. You 
can LOAD and SAVE programs into a buffer area, 
and then transfer the programs onto the EPROM 
with the menu-driven software provided with the 
machine. The software is held on cassette and, 
naturally, the first thing the new user is advised to 
do is dump it onto an EPROM. 

Once loaded, the software presents a menu on 
the screen giving the available options. ‘To copy a 

rogram onto an EPROM, the program must first 
e loaded into memory using the (L)oad option. 
This command has the effect of placing the 
rogram into a buffer area, set aside by the 
PROM software, starting at location &2000. 
After this has been done, the user then selects the 
rogram option from the main menu. The screen 
then displays the list of EPROM types that can be 
programmed using the device. After choosing an 
EPROM the screen will display the 16 DIP 
switches and their settings; switches needing to be 
altered from the previous program will flash. ‘The 
program prompts the user to flick the read/write 
switch to PROG. Pressing any key will initiate the 
programming of the EPROM, with each memory 
address being displayed as it is programmed. 


The length of time taken by the ‘blowing’ 
process depends on how many of the addresses 
within the EPROM will stay set at &FF. This can 
take anywhere between 74 seconds for a short 
program, to a maximum of 14 minutes for a 16 
Kbyte EPROM. By using the (V)erify command, 
you can check whether the EPROM has been 
programmed correctly. The software computes a 
checksum, and any faulty addresses are listed on 
the screen. If there are no errors, the EPROM can 
then be safely fitted into one of the ROM sockets 
of the BBC Micro. 

Standard headers can be fixed to a program. 

sing the G command, a routine can be added to 
the beginning of the program, attaching a name, 
which can later be called with the * prefix, and a 
CALL command. When loading BASIC programs 
onto the EPROM, this command is used in 
conjunction with the (F)ill option. This command 
ensures that addresses not used by the BAsiIC 
program are left set at &FF and are hence still 
programmable. Headers can also be affixed to 
machine code programs but these can only be 
loaded from address &2000. 

Considering how useful these devices are, it is 
perhaps surprising that EPROM programmers 
have not become more popular with BBC Micro 
owners. It is likely that many users feel these 
programmers belong to the realm of ‘serious’ 
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electronics enthusiasts and beyond the scope of 
most home computer users. This is simply not so. 
EPROM programmers are easy to use, no 
knowledge of electonics is assumed, -nor 
necessary, and the machines offer a number of 
advantages. Primary among these is speed of 
access — a program can be called instantly via the 
operating system without the need to LOAD from 
disk or cassette. Furthermore, once the programs 
are incorporated into the computer, the 
applications held on the EPROM can be called 
from within BASIC programs. Finally, users are 
given the immense satisfaction of seeing their 
custom-built programs taking their places among 
the BBC Micro’s own on-board programs. 
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CONSTRUCTIVE 
DECISIONS 


Our PASCAL Course now turns to the subject 
of decision-making constructs. We consider 
the IF statement, which is familiar to BASIC 
programmers, and the CASE statement, a 
structure that allows multiple choices to be 





made within one construct 


a BESS: Ses Busnnesnape 3 st iteaamannseeceeeeeS srpraanaeates naan eae Coben 


The IF statement iN PASCAL is similar to that in most 
languages. Because the end of a line does not 
terminate a statement, we can use PASCAL’s free 
format to show the possible paths through the 






structure of the IF statement with logical 


indentation. Here are two IF statements: 


IF count = limit 
THEN 
WriteLn (‘No room’) 
ELSE 


write (‘Next ?’): 
IF number > maximum THEN 
maximum := number 


-In the second example, the absence of an ELSE 


clause implies: 


ELSE 
{do nothing} 


The alignment of the reserved words THEN and 
ELSE (when present) helps your eye to follow the 
flow of control through the ‘construct’. A semi- 
colon is used to separate statements, as shown in 
the example, and so they can never appear before 
an ELSE. Remember that there is no ELSE 
statement in PASCAL only an IF statement; THEN and 
ELSE are used to delimit the boolean condition and 
the statements in the two clauses. In fact, every 
time we use an IF statement, we are testing a 
boolean value. The THEN ‘clause’ is executed only 
if the expression evaluates to true and, if an ELSE 
clause follows, the statement(s) there will be 
Peer when the boolean value is false. 


statement 





PASCAL was the first language to introduce the 
conceptual data type known as enumerated 
scalars. These are extremely helpful in enabling us 
to retain a high level view of data classification, 
without continually having to mentally translate 
data into numeric codes. (Numbers are the 
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computer’s language, not ours — unless we 
happen to be solving a specifically mathematical 
problem.) We have already seen how a simple 
constant definition can help us here: 


CONST 
width = 80: 


The constant identifier width may then be used 
throughout the prog-am to reference the number 
of columns across the width of the screen or 
printer. Rewriting the program for a 40-column 
VDU is then a simple matter of changing one line 
in the definition at the start of the program; all the 
calculations for print formatting and so on will be 
automatically altered accordingly. A complete 
scale of constants could then be defined in this 
way. 

If we were using colour graphics, the colours 
available could be mapped onto an appropriate 
scale of numbers (red = 1, green = 2, for 
example), but this would _ theoretically 
accommodate taking the square root of green, or 
multiplying blue and yellow! This is not only 
illogical, it is also a potential source of error when 
we are reasoning about problems that do not in 
themselves deal with numeric data. The TYPE 
definition part of a PASCAL program can be used to 
define an entirely new conceptual scalar type by 
simply enumerating a list of identifiers 
representing all the constant values of the scale. 
For example: 


TYPE 
hue = (red, green, yellow, blue, magenta, cyan); 


Because it is a definition (of the new type) and not 


a declaration, the syntax uses the equals sign to 


define the type identifier (hue) to refer to the 
ordered values of the type enclosed in brackets. 
Analogously, the pre-defined type integer refers to 
all the whole numbers available on the PASCAL 
implementation. 

As always in PASCAL, successive identifiers in a 
list (in this case, colour values) are separated from 
each other with commas. These values are, of 
course, internally mapped onto integer values 
with the ordinal numbering starting at zero. This 
numeric representation is automatically organised 
by the compiler, and is much the same as the 
underlying codes for the computer’s character set. 
Just as the character A has an ASCII code of 65, 
each value of hue will have an ordinal number that 
we can obtain with the scalar function ord. So, in 
this example, ord (red) is 0 and ord (cyan) would be 5. 
Having now defined this new scalar type, we could 
declare a variable in the usual way: 




















VAR 
colour : hue; 


This declares an identifier (colour) to be a data item 
of the type hue, just as the declaration: 


VAR 
letter : char: 


indicates the character nature of the data object 
named letter. The only operations defined on 
enumerated types are relational tests and the use 
of the scalar functions. For example, we could 
write: 


if colour < cyan then 
colour := succ (colour) 


Remember that pred (red) and succ (cyan) don’t 
exist! The variable colour is incompatible with 
variables of any other type, scalar or otherwise. 
This means that we can no longer perform illegal 
functions like taking square roots or saying: 


colour := colour + 1 


This does lead to one obvious restriction. 
Characters and numbers can be used as 
parameters for write and WriteLn statements, but 


WriteLn (colour) 


would be illegal. This is because the values of the 
type are purely conceptual, and if we want to print 
their names, we must map the colour values on 
character strings. This is an ideal application for 
the other PASCAL choice construct, the CASE 
statement. 

We have seen how the IF statement in PASCAL 
looks entirely familiar, and benefits in readability 
from PASCAL’s free format conventions. ‘There are 
times, however, when multiple option decisions 
have to be taken that would need something like: 


IFN =1 
THEN 
write (‘st.’) 


THEN 

write (‘rd.’) 
ELSE 

write (‘th.’) 


Whenever the statement to be executed depends 
on the value of a simple scalar being in a certain 
limited range, we can use the CASE statement to 
advantage. In this instance: 


CASE N OF 
| : write (‘st.’); 
2 : write (‘nd.’); 
3 : write (‘rd.’); 
45-6, 
(,8,9 : write (‘th.’) 
END {CASE} 


Declarations 


Executable 
Part 





Notice that this is satisfactory only for values of N 
in the range of ‘case labels’ specified in the ‘body’ 
of the CASE statement — 1 to 9 in this example. All 
the values that N might have at execution time 
must be listed individually, and it would be illegal, 
for example, if N = 0 were entered. 

Many PASCAL compilers possess the additional 
reserved word OTHERWISE or OTHERS, which may 
be used to list a default action. Refer to your 
manual for the extended syntax necessary here. 


expression 


constant 


This is the only statement in PASCAL that uses END 
to delimit a structure that was not entered via a 
BEGIN, so it is common practice, and good style, to 
qualify every CASE statement’s END as shown. 
The construct works by evaluating the scalar 
expression delimited by (or between) the reserved 
words CASE and OF. A simple variable name is a 
minimal expression that does not require 
calculation. The value obtained is then compared 
with each constant listed in the case label lists, and 
when a match is found the statement following the 
colon, and only this statement, is executed. The 
flow of control does not “drop through’, therefore, 
so that the structural integrity of the construct is 
preserved. If several operations need to be 
performed, a compound statement enclosed 
between a BEGIN/END pair may of course be used. 
In certain circumstances, some values might 


statement [ 


Skeleton Program 

This is simplified syntax 
diagram of a PASCAL program, 
showing all the major elements. 
Note that PASCAL reserved 
words appear in upper case. 
This is a convention developed 
to set them apart from non- 
reserved words. Most versions 
of PASCAL, however, will accept 
reserved words in lower case 
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require no action to be taken, in which case the 
simplest of all PASCAL statements can be used. This 
is the ‘null’ statement, which means ‘do nothing’, 
and it consists of absolutely no syntax at ail! Here is 
an example: 


CASE N MOD 4 OF 
0 :{do nothing}; 
1,0 ; DegIn 
write (N MOD 4: 1, ‘quarter’); 
ifN MOD 4 > 1 then 
write (‘S 
end; 
2 :write (‘a half 
END {CASE 


Notice that a semicolon is still needed to separate 
this non-existent statement from what follows. 
The last label’s statement doesn’t need one 
because it is followed by a reserved word (END); 
not another label or statement. The use of the MOD 
operator in the expression ensures that the value 
must be within the range 0 to 3. MOD gives the 
remainder from integer division, as in BBC and 
other BASICS. 

In the next instalment of the series, we will 
examine these and all the other PASCAL operators, 
as well as in-built functions. In the meantime, 
here’s the solution to the problem of how to print 
the character strings for each value of our own 
colour type and hue: 


CASE colour OF 
red - write (‘Red’); 
green - write (‘Green’); 
yellow : write (‘Yellow’); 
blue : write (‘Blue ): 
magenta write (‘Magenta’); 
cyan : write (Cyan); 

END {CASE 
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MAINFRAME 


Until the microprocessor revolution, all computer 
systems were extremely large and cumbersome. 
Then, the term mainframe simply meant the CPU 
and the memory of such a system. A few 
distinctions have since developed to indicate 
differences in size and theoretical capacity of 
computers, so the word mainframe has taken on a 
slightly different meaning. 

The smallest levels are occupied by the 
microcomputers: pocket size, lap-held, portable, 
and desktop varieties. The next size up usually 
pertains to a multi-user system, in which several 
machines are connected into a cluster and can be 
used to manipulate the same data simultaneously. 
Above this level is the minicomputer, a high- 
powered multi-user system, usually consisting of a 
large central storage device, in the 20 to 40 


tet 
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megabyte range, and a 32-bit central processor. 
These have recently been augmented by faster 
systems with larger memories called ‘super-minis’. 
Mainframes, the next step up, are still the room- 
sized systems used for. data processing in large 
businesses, and cost around £1,000,000. 

The term mainframe now applies to the entire 
system, not just the CPU and memory. When 
referring to mainframes, one usually means IBM 
or compatible machines, since IBM has captured 
about 70 per cent of the world market and is 
widely emulated. Yet these are not the biggest 
systems available, having lost that distinction to 
‘supercomputers’ such as the Cray. 


MANAGEMENT INFORMATION 
SYSTEM 


A management information system(MIS) is a data 
gathering and collecting system used by large 
companies. Its main purpose is to supply 
management with the necessary information 
when making business decisions. As an outgrowth 
of data processing, MIS developed as more 





companies became computerised in the late 
1960s. An MIS begins with a systems analyst, who 
takes a comprehensive look at the structure of the 
organisation to determine what information each 
manager needs, and how best to make it available 
at the touch of a button. Once set up and in 
operation, the system is supervised by an MIS 
department, which processes the information for 
the managers. 

A variation on MIS is a ‘decision support 
system’. More flexible than MIS, decision support 
assumes that each manager will set up an 
individual database, gathering information from 
the company’s central computer, and using it as 
needed. A recent development, decision support 
systems are largely the result of the increased use 
of microcomputers. More managers, feeling the 
increased need to directly access ‘raw data’ in 
order to make decisions, are using micro-based 
decision support to accomplish this. This in part 
explains why the MIS and data processing 
departments of large companies often feel 
threatened by the increased use of micros in 
business. 


MARK SENSING 

Mark sensingis the ability of a computer system to 
read a pencil mark or perforation and interpret the 
results as values or characters. Two methods can 
be used: one is technically labelled mark sensing, 
and the other, ‘mark reading’. Mark sensing 
requires an electrically conductive impression, 
generally made with a graphite pencil. For many 
years, this method has been used in the US to mark 
standardised achievement tests — performance 
evaluations given to students at certain times in 
their school careers. A perforated answer sheet is 
marked off into several columns, with four or five 
answer columns for each question. A pencil mark 
is made to correspond with the correct answer, and 
the exam papers are scored electronically. 

A more reliable method is mark reading, also 
known as ‘optical scanning’. Mark reading systems 
interpret values photoelectrically, measuring the 
light and dark areas at each column of data. It is 
this method which is used to read the Universal 
Price Code, a series of black stripes that appears 
on product packaging and provides the product 
with a unique number. Optical scanners read the 
number, which describes in code what the product 
is and how much it costs. 


MASS STORAGE | 
Mass storage devices provide a system with a large 
amount of data storage space, larger than in 
conventional devices. In the early days of 
mainframe use, one megabyte — or one million 
bytes — was considered mass storage. But today, 
microcomputers like the IBM PC and Apricot xi 
have 10 megabytes of on-line storage, so this early 
distinction no longer applies. Mass storage devices 
are those like the IBM 3850, an automated tape 
library that can store up to 472 gigabytes 
(472,000,000,000 bytes) of data. 
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Spot The Coinputer 


monolithic machines 


popularised by science fiction 
writers. The Cray-1, one of the 


newer breed of super 


mainframes, comes in several 
cabinet sized boxes — some of ~ 





_ Mainframes are rarely the huge 


which could be mistaken for 


furniture! 
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The icon editor all 
the icon set 


AMX Mouse 
The AMX mouse comes as part 
of a complete package including 
the mouse itself, a ROM chip 
containing the driving software, 
applications software on 
cassette or disk, a user manual 
-and an AMX Art applications 
manual. In execution, the 
package Is very similar to that 
used on the Apple Macintosh, 
but is available to BBC Micro 
users at a fraction of the price 
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Mouse technology 
years now, and most of the major 
manufacturers have mouse packages 
available for their systems. We look at the 
AMX mouse package, which includes the 
AMX Art program, designed specifically 
for the BBC Micro. With its simplicity of 
use, it to become a popular item. 


The AMX mouse package from 
Memory Systems, intended for the BBC Micro, 
comprises the mouse itself, along with a cable to 
connect it to the micro’s user port, a ROM chip, 
two manuals, and cassette and disk software. 
Although both cassette and disk are provided, 
AMS freely admits that the AMX is clearly aimed 
at disk owners. 

A standard mouse, made in Japan, the AMX is 
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moulded in black plastic with a metal ball in its 
base for movement detection. The mouse fits 
comfortably into your hand, leaving the first three 
fingers resting above the three action selection 
buttons — Move, Execute and Cancel. The 
decision to incorporate a metal ball is a shame 
since it tends to slip a good deal on surfaces like 
polished wood and laminated desk tops. 
Therefore, placing a piece of paper on any slippery 
surface would be a good idea. 

Inside the mouse, the ball is cradled by two 
rollers; at the end of each is a slotted disk that 
passes through a photoelectric cell. The disk 
breaks a beam of light, creating flashes that are 
picked up by the cell, and these are transmitted as 
directional commands to the computer. Thus, the 
computer knows exactly the location, movement 
and speed of the mouse at each moment. 

The resident software in the sideways ROM 
accommodates communication with the 
computer. As well as providing the ‘raw’ routines 
for use by commercial software, this ROM also 
provides several easy-to-use routines enabling you 
to use the mouse on home-made programs. These 
include, amongst others, a routine to provide an 
updated position in screen co-ordinates of the 
mouse, one to read the selection buttons, and a 
routine to animate icons on the screen. By making 
use of these routines — all selected by using the * 
command structure of the BBC Micro’s operating 
system — the user can quickly and easily write 
programs in Basic that take full advantage of 
mouse control. 

Routines are also provided to enable you to use 
the mouse on existing commercial software 
packages. The mouse movement can _ be 
configured to take the place of cursor keys, and the 
three selection buttons configured to act as any 
three keys on the keyboard, including the Shift and 
CTRL keys. In this way it is possible, for example, 
to use the mouse to delete, move and copy sections 
of text on the View word processor by Acornsoft. 

However, the beauty of the mouse is only really 
evident when using applications software 
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especially written for mouse control. The AMX 
package includes two such pieces of software that 
amply demonstrate the ease and naturalness of 
using the mouse. The first is a BASIC program for 
designing icons to incorporate into your own 
programs. Icons are graphics symbols that can be 
displayed in a program to indicate the menu 
choices or, alternatively, they can replace the 
cursor to indicate the selection made. 

The Icon design package presents you with a 
grid of 16 by 16 squares in which you can design 
your icon by filling in the desired squares — all 
done with the mouse. Indeed, the only occasion 
you will need the keyboard with this program is to 
type a file name under which a group of icons is to 
be saved, or the file name of an existing set to be 
loaded. Because of the extent of the mouse’s 
control, it is immensely easy to use, and designing 
complex and realistic icons is a quick and simple 
procedure. However, a better demonstration of 
the mouse’s power is given by the AMX Art 
program, which is also provided. This is a full 
feature graphic design program entirely controlled 
by the mouse. It ranks with the Macpaint package 
on the Macintosh for ease of use, and in fact the 
AMX screen looks remarkably similar to Apple’s 
creation. 


USING THE ART PROGRAM 

Drawing is performed in the central region of the 
screen — a Mode 4, 320 by 256, two colour 
display is used in the program. Down the right- 
hand side of the screen are two icon menus. ‘The 
upper menu is used to select from a variety of 
drawing actions, including line drawing, erasing, 
spray paint effects and area filling, and they are 
represented on the screen by easily recognisable 
shapes. An action can be selected by moving the 
cursor over the relevant icon, and then pressing 
one of the selection buttons, which immediately 
changes the cursor into the shape of the selected 
icon. The picture can then be built up by moving 
the cursor over the drawing area and, by using the 
selection buttons, you can perform any of the 
drawing functions. Because the movement of the 
cursor so exactly replicates the motion of the 
mouse, and the use of the program is so 


ures are added 





e added by entering text 
che desired type 








letters at 
Words and letters 
mode and choosing 


straightforward, the excellent manual provided by 
AMX Art is hardly necessary. 

The lower menu at the side of the screen selects 
the line widths and shapes in the same manner. 
Across the bottom of the screen is a third menu for 
selecting the shading patterns for filling in shapes 
— ranging from plain black to complex trellis 
patterns. Because the display is two colours only 
— due to memory constraints — these patterns are 
provided to distinguish different areas with 
different types of shading. 

Other options, such as SAVEing or LOADing 
pictures, operating system commands, and 
actuating the built-in printer dump program, can 
be selected via the ‘pull-down’ menus at the top of 
the screen. Only the titles of these menus are 
displayed, and by positioning the cursor over one 
of these and pressing a selection button, you can 
reveal the entire menu over a section of your 
picture. After selecting your options with the 
mouse, the menu vanishes, leaving the picture in 
its original form. 

Complex, accurate and artistically innovative 
compositions can be simply and quickly rendered 
when you first use the program. Using this 
package after a very short time becomes as 
comfortable as using pen and paper, except, of 
course, that AMX Art will neither blunt nor 
smudge, and it can be reproduced as many times 
as you want. 

The Art program is reason enough to buy the 
mouse package, but AMX intends to expand 
these beginnings into an entire mouse-based 
system for the BBC Micro. A desk-top manager, 
similar in operation to that used on the Macintosh 
and Lisa computers, is in the works and will sell for 
about £25. Also planned is a mouse-driven 
database and further enhancements to the AMX 
Art program, the latter incorporating colour and a 
zoom facility. The mouse and pull-down menus 
look to be a sure addition to the popular Wordwise 
word processor program. 

The AMX mouse and the AMX Art program, 
as well as the other forthcoming mouse- and icon- 
based programs, look set to change the face of the 
BBC Micro for the user wishing to expand the 
machine’s capabilities, and with their ease of use, 
these programs have set a new standard for home 
computers. 





Final touches C 
mode 
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Press Gang 

Four arrays are used to hold data 
about the crew hired for the 
voyage. CS(), WG() and CC() 
hold the characteristics 
associated with each crew type: 
descriptions, wage rates and the 
number hired. TS(,) holds the 
actual composition of the crew 
selected for the voyage, up to a 
maximum of 16 members. Each 
crew type can be referred to by a 
number rather than a name — 
the number corresponding to an 
address in the three crew 
characteristics arrays 

















ALL ABOARD! 





Having looked at the general principles 
involved in simulations (see page 1026), we 
now embark on our project to create a game 
based on a 16th century trading expedition 
to the New World. Written in Microsoft 
BASIC, it is designed so that the listings given 


In each instalment can be run _ as 


independent modules. 





In this simulation game you are taken back 
through time and given the role of a 16th century 
trader, having to organise an expedition to the 
New World. You must plan the voyage, make the 
journey and finally trade (profitably, you hope) 
with the inhabitants of the New World. 

The game begins with the player owning a 
trading ship and having 2,000 gold pieces to 
spend. Your first task is to hire a crew, offering 
each a weekly wage during the expedition; the 
level of payment will depend on the skills the crew 
member has. The crew must comprise a range of 
skills, whilst not overburdening yourself with an 
excessive salary budget. The trading vessel will 
accommodate sixteen crew members — larger 
crews will of course cost more and consume larger 
amounts of food and drink, leaving less money for 


se 


ae 


a 
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trading. However, if the crew is too small then it 
may not be able to cope with some incidents 
during the voyage, such as scurvy or pirate attacks, 
and the ship will not run as efficiently, making the 
journey longer and costing more gold. 

The first game module is concerned with 
initialising variables and arrays that will be used 
during the game and for hiring members of the 
crew. The first section of the module DIMensions 
arrays that hold important information about the 
ship’s crew. CS() is used to hold descriptions of the 
crew types. As there are five categories of crew, the 
array is DIMensioned to have five elements in line 
16. The actual descriptions are then assigned 
individually to each array element. It is much more 
convenient — and it saves memory — to refer to 
the crew descriptions by their element number in 
this array. This element number is sometimes 
known as the array address because it gives the 
position of the description in the array. 


The status of the crew varies throughout the 
game, their strength increasing and decreasing in 
the light of circumstance. To keep a record of the 
crew’s makeup and the strength of each individual 
crew member, a two-dimensional array TS(,) is 
used. The array is DiMensioned to have 16 
columns and two rows. Each column represents a 
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crew member, the upper row containing the crew 
type and the lower row containing the strength 
rating. Initially, each crew member has a strength 
rating of 100. 

Wage rates for each crew type can also be held 
as a five element array WG(). Thus if we want to 
know the wage rate of a doctor, crew type 2, we can 
look it up in this array as WG(2). Sailors receive 10 
gold pieces a week, doctors get 25, navigators 


receive 20 gold pieces, and cooks get 15 each. To 


keep track of the amount of money possessed by 
the player, a variable MO is initialised to 2000 in 
line 12 and will be decreased as weekly wage bills 
are met and trading begins. — 

Later in the game the program will need to 
know how many of each crew type have been hired 
so that it can calculate the efficiency of the crew in 
dealing with contingencies that may arise. The 
makeup of the crew could be determined 
whenever required by scanning through the upper 
row of the array TS, but it is quicker and easier to 
set up another array CC() to hold the number of 
each type in the hired crew. Again this array only 
requires five elements, and this is DIMensioned in 
line 18. 


INTRODUCTORY INFORMATION 
Having set up these arrays to hold data about the 
crew, the program module then PRINTs 
information about the approximate length of 
voyage and about money that must be set aside for 
provisions. This information is not PRINTed in its 
entirety but a special routine is used to make the 
letters appear slowly across the screen. This 
subroutine, at line 9100, accepts the phrase to be 
printed in the variable S$ and PRINTs one character 
at a time to the screen, inserting a short delay to 
achieve the teletype effect. A second subroutine, 
at line 9200, inserts longer pauses, when required, 
between one line of text appearing and the next. 

The subroutine at line 1000 allows you to select 
your crew. This is done by selecting a crew type 1 to 
9, Or pressing F to finish. Valid entries are stored in 
TS(,) at line 1156, with CN keeping a count of the 
number of crew hired so far. As each crew member 
is hired, the weekly total wage bill WT is displayed, 
having been calculated by adding the relevant 
element of the array WG() to the previous value of 
WT. This happens at line 1158. At each stage the 
current composition of the crew is PRINTed out by 
the section of program between lines 1160 and 
1190. Line 1185 checks if the crew count for a 
particular type is greater than one or zero. If this is 
the case then an S is added to the end of the crew 
type description. 

At several stages of the program the player is 
asked to press a key before progressing. The 
variable KS is used to hold the message ‘PRESS ANY 
KEY TO CONTINUE’ and is transferred to SS for 
PRINTing whenever the message is required. On 
returning from the crew hiring subroutine, the first 
module ends. In the next instalment of our 
programming project, we shall be looking at a 
module that allows you to buy provisions. 





Making Preparations. . . 

The first module of the New 
World trading game is 
concerned with hiring crew. 
Several arrays are set up for this 
purpose and the player can 
select up to 16 crew members as 
accompaniment on the 
expedition 
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Acornsoft LOGO 
by Chris Jobson and John 
Richards; produced by Acornsoft 


Ltd, Betjeman House, 104 Hills 


Road, Cambridge CB2 1L0; 
ROM-based; £69 


SCHOOL TURTLES 





The combination of the BBC Micro and i L0G0 is is rapidly becoming the preferred school- 
based computer system. With four versions of LOGO now available, we have chosen the two 
mostly likely candidates for the classroom — packages marketed by Acornsoft and 
Logotron — and examine their potential as viable educational tools. These two versions 
are both full Loco implementations using the LCSI syntax, so if you followed our LOGO 
_course, you will have no difficulty getting | used to either version. 





The graphics screen iS sibont 1200 By 800 turtle 
steps, giving better resolution than Loco packages 
for most other micros. All the BBC Micro’s eight 
screen modes are available, as are the various 
drawing options (dotted lines, triangular fill, etc). 
If you use Mode 7, you release a lot more memory 
for applications that do not require graphics. For 
sound, the SOUND and ENVELOPE commands are 
provided. These work in exactly the same way as 
they do in BBC Basic. 

You can use COPY to edit lines in the usual way, 
and you can use the BBC Micro’s control codes, as 
well as VDU, *FX and other * commands. Both 
versions claim to support the second (6502) 
processor and Econet. They both worked fine 
with Econet, but we did not try them with the 
second processor. 

Written in BcpL and then compiled, the 
Acornsoft version is provided on two 16 Kbyte 
ROM’s, and is accompanied by three books, a 
tape and a disk of sample programs and LOGO 


onthe BBC Microcomputer 
and Acorn Electron 
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extensions. It is pasta = atte: having well 
over 200 primitives, including those in the 
extensions on disk. The choice of primitives seems 
to have been dictated by an attitude to include as 





“Much early work in artificial 
intelligence used LOGO, and 
it is closely related to the leading 
language for designing 
expert systems, LISP.” 





much as possible. 

Let’s look at the most important of the extra 
features. One set of primitives makes it possible to 
set up modified LoGo environments, tailoring 
them for student use. Two features are particularly 


useful; primitives can be redefined, and 
procedures can be ‘buried’ so that they appear to 
be primitives; and files can be set up to run an 
initialisation procedure on loading. 

To help in the debugging of programs, there are 
a wide variety of trace options — every line, every 
procedure call, or every primitive, with the option 
of pausing at each point, can be traced. This is an 
excellent new feature that also helps explain to a 
student the logic of a program. CATCH and THROW 
provide a way of jumping out of one procedure 
into another. These primitives are used mainly for 
trapping input errors, and there are a number of 
other primitives provided to help you with this. 





“Loco has two types of object, ‘words’ 
and ‘lists’. It also 
has operations which allow you to join 
objects together, 
break them into distinct parts, or 
examine them.” 








The extensions provided on the disk offer a 
number of other features. There is a set of 
primitives for dealing with ‘properties’ (Apple 
LCSI Loco also has these), the idea of which is 
derived from Lisp. The creation of multiple turtles 
(up to 32), each capable of having a unique shape 
and being addressed individually, is possible with 
yet another set of primitives. There are extensions 








eS 








that enable turtle commands to be given to the 
BBC Buggy, the Jessop turtle or the Valiant turtle. 
We tried out the Buggy extension and found it 
very easy to program. 

The Logotron version was written in machine 
code and it comes on a single 16 Kbyte ROM 
together with a ring-bound tutorial and reference 
manual. It was developed by SOLI (Systemes 
d’Ordinateur Logo International), who have 
worked closely with LCSI in the past, and were 
also responsible for the Spectrum Loco. This 
version is very much like any other LCSI Loco. 

With about 120 primitives, SOLI has made a 
deliberate choice to restrict the number of 





**The most important feature of LOGO is 
that you can make it 
reflect your needs, interests, and 
personality.” 





aenieble facilities in order to fit them onto a sin ae 
ROM. This saves on the use of ROM slots, and 
also allows greater speed. The Logotron version 
has a number of extra features worth noting, one 
of which allows programs to be written to and read 
from the supported text files, as in Atari LoGo. 
Great care has been taken over the design of the 





**LoGo Is widely regarded as a 
‘programming language for children’. It 
also happens to be a ‘programming 
language for computer scientists’.”’ 





screen editor. The function Keys have been used to 
control the editor, and FIND and REPLACE 
commands have been incorporated. 

Two new primitives are provided, OPPS and 
OPNS, which output lists of procedure names and 
variable names, respectively. These can be used to 
provide alternatives to the more usual POTS and 
PONS commands. A very useful feature allows 
variables to be passed to BBC OS commands. 
This lets you write coherently named procedures 
to replace the cryptic messages normally required 
by the BBC OS. 

Two primitives are noticeably absent: TEXT and 
DEFINE. Definitions for these are given in the 
manual, but since they operate by writing to a file 
and reading it back again, they are obviously going 
to be slow. Structured programmers will be 
pleased to note that, as with Loco on the Spectrum 
and Atari, lack of space has prevented the 
inclusion of a GO statement. ‘The TRACE command 
prints the name of each procedure, and its inputs, 
as it is entered, but there is no message on leaving 
it. A fuller TRACE option would have been very 
useful. 

We ran a number of benchmark programs in 
order to give some comparisons between the two 


versions in terms of workspace and speed. The 


LCSI version has a little more space for defining 
variables and procedures, and about twice as 


much ‘stack’ space, thus allowing more levels of 
recursion before running out of memory. Both 
versions implement ‘end recursion’ efficiently for 
commands and operations. This means that end 
recursive procedures go on indefinitely. 

On various tests of speed, the Acornsoft version 
took from 50 to 1,000 per cent longer than the 
Logotron version, with the most significant 
differences being found in list processing and 
assignments. (The garbage collector on the 
Acornsoft version seemed to be particularly slow. ) 
This slowness in list processing with the Acornsoft 
version could be very irritating; however, a 
PROLOG-like logic language written in LoGo, which 
is supplied on the disk, ran with acceptable speed. 

Both versions come with detailed manuals, 
which include tutorial sections for beginners and 
reference sections. These give comprehensive 
explanations of turtle geometry, although the 


Acornsoft version consistently obscures the . 


command/operation distinction. Each manual 
devotes just eight pages to describing list 
processing, but the Logotron version makes up for 
this by including the listings of some procedures 
that could make list processing much easier for 
students to learn. (These procedures are the results 
of work done by Mike Sharples at the Edinburgh 
University AI Dept.) 

Acornsoft provides a number of lengthy 
example programs on the disk (or cassette), 
including a PROLOG-type program, and an example 
of ‘natural language’ parsing. 

Acornsoft is promising further extensions in the 
future, but no details have been given. Logotron 
expects to market an Advanced LoGo’ soon, on 
disk, which will add many more primitives to the 
language. More exciting is their promise of a sprite 
board, featuring 30 ‘hard’ sprites. Both companies 
are offering discounts for large orders, which 
should be most attractive to schools. Logotron 
claims its software is uncopyable and offers to 
replace damaged ROM’s for £25. 
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Logotron LOGO 

by Gerard Dehan, Armen Valian, 
Marie Paule Deprund and Eric 
Millet; produced by Logotron 
Ltd, Ryman House, 59 Markham 
Street, London SW3; ROM- 
based; £69.95 
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BASIC INTERACTION 





The previous instalment’s discussion of the 
nature of BBC Basic serves as a prelude to 
our look, here, at the way BASIC interacts 


with the BBC Micro’s operating system. 





We discussed, at the beginning of this series on 
microcomputer operating systems (see page 858), 
how an OS gives us protection against any changes 
in the hardware configurations of computers. It is 
not surprising to find, therefore, that BAsic uses OS 
calls extensively. The BAsic SOUND command, for 
example, generates a call to OSWORD with A=7 (see 
page 978) to produce the sound; similarly, 
ENVELOPE makes use of OSWORD with A=8. The 
interesting thing to note here is that we can modify 
the way in which Basic behaves to a certain extent 
by altering the way in which the operating system 
behaves — i.e. by altering vectors and writing our 
own sections of code to replace OS routines. 

Similarly, OSWRCH, OSASCII and OSNEWL are 
used by the various routines that access the screen. 
One point to note is that machine code routines 
that produce graphics displays using the OS 
routines are not always much faster than the 
equivalent BAsic commands. This is a measure of 
the efficiency of the Basic interpreter’s use of the 
OS calls when interpreting such calls as MOVE, 
DRAW and PLOT. 

Let’s look at the two Basic commands that are 
used to call machine code programs from BASIC, be 
they OS routines or our own programs. The 
instructions are USR and CALL. 


THE USR CALL 


The role of the USR instruction is to run a piece of 
machine code and return a value to nasic that gives 
us details of the state of the A, X and Y registers 
after the code has been executed. Information is 
also returned concerning the status of the carry 
flag and the processor status register (PSR). It is 
called in the following way: 


result%=USR(address% 


where address% is the address of the routine that is 
to be executed. Before you issue this call, you can 
put values into the A%, X% and Y% variables that 
will be passed by the USR routine into the A, X and 
Y registers, respectively. The least significant bit of 
the C% variable can also be used to affect the value 
of the) carry/flag; an even C% willsetitto zero. 

The following program shows a short example 
of the use of USR; here we're calling one of the 
OSBYTE calls that returns a value in the X and Y 
registers. This routine returns the x co-ordinate of 
the text cursor in the X register, and the y co- 
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ordinate of the text cursor in the Y register. The 
value in result% represents these registers in a 
coded form, which we'll discuss a little later. 


10 A%=134 

20 X%o=0 

30 Y%=0 

40 LET result%=USR(&FFF4 

50 PRINT result %:REM prints the hex representation 


Printing the result in hexadecimal makes it easier 


for us to decode the values returned from the 
OSBYTE call. 





THE CALL COMMAND 


The other method of calling machine code 
programs is the CALL command. We've already 
used this several times — in particular, for calling 
OSWORD and the other OS routines. In that case, 
we simply called the routine by specifying it’s 
address. For example: 


CALL &FFFI 


BBC gasic also allows us an extended version of 
this command, which enables the values held in 








$y 














BAsIc variables to be available to a machine code 
program. Obviously, the main problem with such 
an arrangement is telling the machine code 
program where it can find the variables in memory. 
Fortunately, this problem is solved by the BAsiIc 
interpreter; on making a CALL with parameters, 
such as: 


CALL address%,A%,C% 


all the details about the parameters — in this case 
A% and C% — are stored in page 6 of the memory. 
This area of memory is known as a ‘parameter 
block’, and the following diagram shows how such 
a block is arranged. 







Obviously, the address and type entries are made 
as many times as needed. The address of the 
parameter is fairly straightforward; it’s where in 
memory we'll find the first byte of the parameter. 
The type entry indicates what type of variable the 
parameter is. The following table shows the range 
of parameter types available: 





The final entry, parameter type 129, is slightly 
different: it’s not quite true that the address entry 
in the parameter block points to the position of the 
string in memory. It points, in fact, to an area of 
memory that provides us with more details about 
the string. This area of memory is called a ‘string 
information block’, and is arranged in this format: 


Thus, the first two bytes of the information block 
point to the first character in the string. ‘The ‘bytes 
allocated’ entry will show the maximum length to 
which the string has been assigned before it’s 
current length, which is in the fourth byte. 








PARAMETER. PASSING 


The CALL statement is used to execute a section of 
machine code from Basic, but, unlike the USR 
function, does not return a result. The user can, 
however, include a subroutine that maps values 
from the machine code program onto BASIC 
variables, enabling them to be read on return. 

The following program not only gives an 
example of parameter passing using the CALL 
statement, but also maps a result onto the integer 
variable A%. Further, it demonstrates how we can 
generate errors from within machine code 
programs that make use of Basic error handling 
(see page 1038). It’s written for BASIC IL. 


10 DIMC 400 

20 zero=&/0 

30 FORI%=0 710 2 STEP 2 
40 P%=C 

5 | OPT! % 

60 .code LDA &600 

62 CMP #1 

64 BNEerror 

70 LDA &603 

80 CMP #4 


90 BNEerror2 
100 LDA &601:STA &70 
110 LDA &602:STA &71 
120 LDY #0 
180 LDA &02:STA (zero), Y:INY 
140 LDA &03:STA (zero), Y 
160,. RIS 
1/0 ~—_.error BRK 
180 EQUB 254 
190 EQUS “Not correct number of parameters’ 
200 EQUB00 
210 .error2 BRK 
220 EQUB 253 
230 EQUS “Type Mismatch” 
240 EQUB00 
250 = |:NEXT 
260 A%=0:CALL code,A% 
2/0 PRINT“End of BASIC variables is ”:A% 


The program returns the address of the end of 
BASIC variables in the integer variable passed to it 
as a parameter — thus demonstrating that CALL 
can also pass values back to Basic. Lines 60 to 64 
check for only one parameter, and should this 
condition not be satisfied an appropriate error 
message is given. Lines 70 to 90 then check that 
the parameter that has been passed to the routine 
is an integer type, and an error is generated if this is 
not so. Lines 100 to 160 transfer the data from 
addresses 2 and 3 to the least significant bytes of 
the integer variable that was passed as a 
parameter. Lines 170 to 240 are used to generate 
the error messages. 

The CALL is made in line 260; A% is set to zero 
before the CALL is made because the machine code 
program doesn’t alter the most significant bytes of 
the integer variable involved. After the call, the 
expression HIMEM—A% will give you the number 
of bytes left when the BAsic program and variables 
have taken their share of the memory. 
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Eyes Down 

The line follower circuit is made 
up of two identical circuits, each 
using a pair of light-dependent 
resistors. A comparator chip is 
used to produce a digital signal 
if there are differing amounts of 
light falling on the LDRs. In this 
way the robot can detect 
whether it is over a blank line or 
not 


VISUAL AWARENESS 





dependent resistors, we give it sufficient 
‘sight’ to follow a dark line. Programmer 
control via the BBC Micro, Commodore 64 
or Workshop-converted Spectrum is made 
possible by data feedback from these light 
Sensors. | 





consists of two identical circuits, each feeding a 
different input line of the user port. Each circuit is 


based around an LM311 comparator chip, which 


compares the voltages at its two input pins. If the 
voltage at the positive pin is higher than that at the 
negative input, the output will swing from zero 


volts to the supply voltage. In logic terms, the 


output from this chip will be zero if the two input 
voltages are the same and one if the voltage at the 
positive input pin rises above that at the negative 
input pin. 

Two light-dependent resistors (LDRs) on each 
‘circuit form a voltage divider between the supply 
voltage and earth. If the light falling on the two 
LDRs is the same then their resistance will also be 
equal and the voltage at point A in the circuit 
diagram will be about 2.5v (half the supply 
voltage). The present potentiometer can be 
adjusted to give the same voltage at point B. As the 
two input voltages are the same the output from 
the comparator chip will be zero. If the light falling 
on the line LDR decreases — for example, when it 
is over a dark line — its resistance will rise, causing 
the voltage at point A to go above 2.5v. This in 
turn will cause the comparator output to swing to 
the supply voltage, giving a logic output of one 
indicating that the line LDR 1s over the dark line. 

The presence of two circuits, each consisting of 
a pair of LDRs and a comparator chip, enables the 


computer to detect which side of the line the robot 
has drifted. In each pair of LDRs, one measures 
the ambient light intensity so that it can be 
compared with the light intensity measured by the 
other LDR over the line. 


CALIBRATION 


After constructing and fitting the board we must 
calibrate it. In lighting conditions similar to those 
in which you wish to run the line follower program, 
run this calibration program and adjust the two 
preset potentiometers on the board just installed. 


LDR Test Programs 


1@66 REM **#*#* BBC LDR TEST ###* 

1618 DDR=&FES62:DATREG=&FES@ : PDDR=15:REM LINES 
8-3 OUTPUT 

1626 REPEAT 

1638 contents=?DATREG 

14486 IFtcontents AND 169=@ THEN PRINT TABCS) 
Niger hte 

1656 IFCcontents AND 32)3=6 THEN PRINT TABC15) 
eR LGH 

1666 PRINT 

1676 UNTIL FALSE 





1@@@ REM **xx*x CBM LOR TEST «xxx 

191@ DOR=56579: DATREG=S6577:POQKE DATREG,15 
1620 CN=PEEK (DATREG > 

IF<CN ANO 16) =@ THEN PRINTTABCS> "LEFT"; 
IF ¢CN ANO 32)2=@ THEN PRINTTAB(15) "RIGHT "=; 
165@ PRINT 

1@6G GaTO 1@ea 





1000 REM *x*e*x SPECTRUM LOR TEST **«x*x* 

191@ CLEAR 32e499:LET ST=32e500@: GO SUB 3aaa 

162@ LET NM=16:GQ SUB 2@@a@@: IF USR ST=@ THEN PRINT 
TAB. a4 4Er 

18@3@ LET NM=32:GO SUB Faa@e@: IF USR ST=@ THEN PRINT 
TRE 3: "RIGHT": 

104@ PRINT 

1a56@ GO Ta 1426 


2Q0@ REM *xexe* PERFORM ANO *4%% 
2@i@ POKE ST+t+1,IN 31 
PAa2A POKE ST+3,NM:RE TURN 


3OQA REM **** MRCHINE CQDE LOADER ¥** 
201@ FOR I=ST TQ STtS 
2Q@2Q READ A:PQOKE 1,A 
3@2@ NEXT I 
DATA 62,0,14,0@,161,6,8,79,2@1 
RETURN 
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Board Layout 


First cut the veroboard to size and make the track 
cuts as shown. Mount the passive components first, 
Starting with the wire links and DIL sockets. Solder 
the two resistors in place and insert the comparator 
chips into the DIL sockets, noting the orientation of 
the notches as shown in the diagram. Finally, solder 
the four LDRs in position on the edge of the board. 
Leave long wire stems on the LDRs to allow them to 
be positioned once the board is in place. Having 
completed the board, four leads must be connected 
to wire it into the existing circuitry in the robot's lid. 
To incorporate the comparator chip outputs into the 
patch system, drill two new holes and mount the 
sockets behind the existing group of eight. Solder 
the two output wires into these sockets. Use two 
patch cords to connect the line follower board output 
sockets to lines 4 and 9 of the patch socket group. 
Finally, solder the 5v supply and earth wires to the 


D-type plug 
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Mark a piece of white paper with a 2.5 cm wide 
black line. Taking each preset in turn, adjust it with 
a small screwdriver so that the computer gives no 
output when the two central LDRs are over the 
line, but gives the correct output when the robot is 
moved to either side of the line. After adjustment 
check the function by slowly moving the robot 
sideways across the line from left to right. While all 
four LDRs are over the white paper, the screen 
should display LEFT RIGHT. As the robot is moved 
over the line, the message should change to LEFT, 
and then to no message as the robot is positioned 
directly over the line. As the robot is shifted further 
right, the screen should display RIGHT and finally 
LEFT RIGHT when all four LDRs are again over 
white paper. The program assumes that the left- 
hand LDR is patched into line 4 and the night- 
hand LDR is patched into line 5. 

The operating light conditions must remain 
constant during calibration and on subsequent 
occasions when the line follower program is used. 
It is a good idea to floodlight the operating area 
using a bright overhead light, so that lighting 
conditions can be duplicated on future occasions. 


THE LINE FOLLOWER PROGRAM 


The line follower program uses routines for 
moving and turning the Workshop robot. The 
program assumes that the robot starts off over the 
line. It uses a repetitive loop to move the robot 
forward 1mm and test whether it has strayed off 
the line. This is detected when bit 4 or bit 5 of the 
user port data register goes low. If, say, bit 4 goes 
low this implies that the robot has strayed off the 
line to the left; the program therefore makes the 
robot execute a 5° turn to the nght before 
continuing. Correspondingly, if bit 5 goes low, the 
robot has strayed to the right and a 5° turn to the 
left is in order. The program terminates when both 
bits go low, as would be the case when the robot 
reaches the end of the line. 

The 5° turning figure was arrived at by 
experimentation. You may have to adjust the 
figure to suit the width of the lines you have drawn 
and the tightness of its curves. You may also wish 
to extend this program so that the robot first finds 
the line and then follows it. The patching system 
allows you to set up combinations of sensors to the 
four input lines available in the data register so that 
you can develop your own applications. 

In the next Workshop article we start on a 
project to design, build and control a robot arm. 


Line Follower Programs 
BBC Micro | 


1@ REM **** BBC LINE FOLLOWER ## 
20 : 

3@ FROCinitialise 

40 PROCfollow_line 

3@ END 

6@ : 

?@ DEF PROCfollow_line 
8@ REPEAT 

9@ PROCmovet forwards,1) 
16@@ PROCtest_Idr 

11@ UNTIL endflag=1 

128 ENDPROC 

130 3) 
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140 
15a 
146@ 
178 
18@ 
17@ 
24@ 
21@ 
2280 
238 
248 
250 
268 
27@ 
28a 
278 
388 
318 
326 
338 
348 
354 
366 
378 
3886 
398 
46@ 
41@ 
426 
438 
446 





DEF PROCtest_ldr 

ldrval=?DATREG AND 48 
IF ldrval=32 THEN PROCturn(right,5) 
IF ldrval=146 THEN PROCturn(left,5) 
IF ldrval=@ THEN endflag=1 
ENDPRQC 


DEF PROCinitialise 
DDR=&FE62:DATREG=&FE6@: ?DDR=15 
2DATREG=1 
forwards=4:backwards=2:left=é:right=@ 
pd ratio=3.34444:pa_ratio=379/9@ 
endflag=@ 

ENDPROC 


DEF PROCmovetdir,distance) 

?DATREG=( ?DATREG AND 1)90R dir 

pulses=pd_ratioxABS( distance) 
FOR I=1 TO pulses:PROCpulse:NEXT I \ 
ENDPROC 


DEF PROCturn(dir,angle? 

?DATREG=( ?DATREG AND 1.0R dir 
pulses=pa_ratioxangle 

FOR I=1 TO pulses:PROCpulse:NEXT I 
ENDPROC 


DEF PROCpulse 

?DATREG=( ?DATREG OR 8) 
?DATREG=( ?DATREG AND 247) 
ENDPROC 


Commodore 64 


REM «eek CBM LINE FOLLOLDER than 


GOSUB2E9OO: REM INIT 
A GOSUB1900:REM FOLLOL) LINE 
ENO 


REM #e*x* FOLLOW LINE «eae 
DR=FW:DS=1:GOSUB2590: REM MOVE 
GOSUB150@:REM TEST LORS 

IF EF<>1 THEN 18008 

RETURN 


REM xe*ee TEST LORS #44 

LY=PEEK (DATREG AND 48 

IF L¥=32 THEN DR=RT:D0S=5:GOSUB3900:REM TURN 
IF LV=16 THEN OR=LF?05=5:GOSUB3000:REM TURN 
IF LV=0@ THEN EF=1 

RETURN 


REM xxxe INIT #2 ax 

DOR =56573: DATREG=S6577:POKEODR,15 
POKEDATREG, 1 

FW=4 :BW=22LF=6:RT=6 
PD=3.34446:PA=379/30 

EF=6:REM ENDFLAG 

RE TURN 


REM kx*x*x*x MOVE “DR,DS) keke 

POKE DATREG, (PEEK CDATREGSAND 1°90R DR 
PL=PDx*ABS (DS >) 

FOR I=1 TO PL:GOSUB 3500:NEXT I 
RETURN 


REM x*x*x*x TURN (DR,DS) «axe 

POKE DATREG, (PEEK (DATREGSAND 150R DR 
PL=PAx*ABS (DS) 

FOR 1=1 TO PL: GOSUB 359@:NEXT I 
RETURN 


REM *x*x*x*x PULSE *x*e%e% 

POKE DATREG,PEEKCDATREGDIOR 8 
POKE DATREG,PEEKCDATREGIAND 247 
RETURN 


REM *xekk SPECTRUM LINE FOLLOWER xxx 
REM DELETE LINES 20108,2020,2510,3010 OF CRM 


VERSION 


A REM 


REM AND MAKE THESE CHANGES 
CLEAR 


324999:ST=3250@:GOSUB 4500 
NM=48:GO SUB 4@@@:LET LV=USR ST 
31,OR+3 

31,DR+1 

40% PERFORM AND *#** 

POKE ST+1,IN 31 

POKE ST+3,NM: RETURN 

REM *4%% MACHINE CQDE LOADER ** kx 
FOR 1=5T TO ST+t8 

READ A!POKE I,A 

NEXT I 

DATA 62,0,14,0,161,6,0,79,2e01 
RETURN 


LET 
OUT 
OUT 














JOYSTICK JURY 


Virginia Rizla reviews three programs for the Sinclair Spectrum. 





Despising anything remotely close to 
exercise, I was not overcome with joy at the 
prospect of playing Daley’s Decathlon. 

The object of the game is, naturally, to 
compete in the ten events of the decathlon and 
to score the highest amount of points in each. 
In the running events, movement is controlled 
by alternating two keys or else manoeuvenng 
the joystick; after pressing a further key, | 
found myself leaping great distances and 
hurling objects with abject skill and grace. 

Although tentative for much of the game, | 
was greatly encouraged by the cheering 
crowd as I cleared 128 metres in the long jump 
(beat that, Carl Lewis!). And 1 didn’t feel at all 
alienated because of the recognisable, and for 





DALEY’S DECATHLON the most part realistic, graphics and 
movements. This is one competition I would 
Ocean, £6.90 recommend that you do not boycott. 





Wally 1s having a nightmare and proceeds to 
disrupt several of Jung’s theses on 
somnambulism. (If he is in fact unconscious, 
then it seems a tnfle odd that the goal of the 
game is to find the Key to his alarm clock.) But 
itis very enjoyable and is in no way offensive 
to psychoanalysis or dream symbolism. 
several screens represent rooms in Wally’s 
wondertully drawn and bnghtly coloured 
abode. By moving left and nght, and jumping 
on the dubiously tasteful furniture, Wally tnes 
getting through the vanous doors — by either 
leaping for the handle or carrying a certain 
‘object’. Since his life energy is limited, itis 
preferable to avoid the floating graphics, and 
the hands that tend to jump out of the floor. 





PYJAMARAMA Much of the fun was getting the hang of the 
game, but it continued to provide visual and — 
Mikro-Gen, £6.95 more importantly — sporting excitement. 





silversoft's offering is a well wntten and 
colourful dose of hyperactivity. Ittook mea 
while to clear the first screen, and upon doing 
so, found one of the beauties of this game — 
namely, anew screen means having to devise 
a new strategy. The first game has you looking 
for and collecting four 'ZX’ symbols in amaze 
of green shrubbery and mushrooms. By 
moving about the blocks of foliage, you can 
effectively block the Pacmen who, 
unfortunately, cohabitate the maze, and 
intend to touch you and deplete your life's 
essence. 

The succeeding games are all variations on 
the maze and get progressively more difficult. 
It requires much thought and skill, which rules 

me out as a potential champion, but for those of 
HY PERACTION you wishing to exercise your cerebral bits, this 
silversoft, £5.95 is definitely worth a go. 
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